of the clearcut will also be limited. In effect, this approach uses the extent of the viewshed of a clearcut as a proxy measure of the overall aesthetic impact of the clearcut. Note that, although on the surface this simple approach seems intuitively appealing, it is based on a very nonintuitive implicit assumption. Specifically, it assumes that all areas within the viewshed of a clearcut are impacted equally by the cut.
It seems likely that the aesthetic impacts of clearcuts diminish with increased viewing distance and as a consequence of the screening effects of vegetation between the viewer and the clearcut. Research by Buhyoff and Wellman (1980) supports the hypothesis that the aesthetic impacts of clearcuts do in fact diminish as a result of these factors. If this hypothesis is true, merely identifying viewsheds is not an adequate way of measuring the aesthetic impact of clearcuts, because a clearcut with a large but lightly impacted viewshed might actually have less overall aesthetic impact than an alternative clearcut with a smaller but highly impacted viewshed. A more complete measure of aesthetic impact would differentiate between areas within the viewshed that are heavily impacted and other areas that are less heavily impacted.
The purpose of this study is to investigate how screening vegetation affects the magnitude and spatial distribution of the aesthetic impacts caused by clearcuts, and to develop a GIS-based model to estimate these impacts across the landscape. It was hypothesized that the perceived aesthetic impacts of a clearcut are at their maximum along the edge of the cut, and that these impacts decrease as a function of distance from the cut. It was further hypothesized that the rapidity of this decrease is influenced by the amount and type of screening vegetation present. At some point, the impacts go to zero as the cut either becomes invisible or becomes an insignificant part of the visible landscape. This basic hypothesis seems equally plausible in other situations where an aesthetically unappealing locationöindustrial or other development, other natural-resource extraction operations (such as mining), and so forthöis sited within an aesthetically pleasing environment that acts as a screen around the unappealing location.
An extensive body of literature exists describing how the relative perceived scenic beauty of a series of landscapes can be measured (Arthur, 1977; Brown and Daniel, 1986; Daniel and Boster, 1976; Hull et al, 1984; Ribe, 1990) . These measurement techniques typically involve individuals rating a series of photographs representing the landscapes being compared. The end result of these comparisons are a series of interval-scale landscape preference ratings. In this paper, these techniques were used to measure the perceived scenic beauty of a series of landscape photographs taken at various distances, and through varying degrees of intervening vegetation, from clearcuts. Regression analyses were performed on these rankings to determine if the expected relationship existed between perceived scenic beauty and viewing distance or extent of screening vegetation.
The results of these regression analyses were incorporated into a predictive GIS model. This model extended existing GIS viewshed techniques to include calculating viewing distance through screening vegetation before reaching a clearcut. These measures could then be incorporated into the regression equations to estimate the relative aesthetic impact of the clearcut at any point in the surrounding landscape.
Previous research
Over the past forty years, aesthetic preferences toward forested landscapes have been examined in many studies. In most of these studies there has been a differentiation between`near-view' and`vista' landscapes. Near-view scenes consist of forest landscapes within 100^200 yards of an observer and depict the viewer's experiences `within' the forest, whereas vista scenes involve distant landscape features such as mountains or overlooks. The nature of aesthetic reactions to these two types of landscapes have been found to be quite different, and hence models developed for one type of landscape should not be generalized to the other (Brown and Daniel, 1986) . Under this dichotomy, we focused exclusively on near-view landscapes and hence our results should not be generalized to vista-type landscapes.
Several studies have related forest-inventory and forest-management attributes to perceived scenic beauty. Arthur (1977) found relationships between scenic beauty and tree species, tree size, amount of downed wood, tree density (number of trees per acre), and basal area (total square footage of the cross sections of all of the trunks of trees growing on a particular acre of ground), as well as a number of factors relating to the design of the photographs themselves (for example, lighting, position, detail). Using near-view models, Rudis et al (1988) found a positive association between scenic beauty and visual penetration through sawtimber-sized trees and a negative relationship between scenic beauty and vision-obscuring foliage, twigs, and sapling-size trees. Ribe (1990) evaluated several physical factors such as downed wood, tree density, size, mortality, and species and found that tree mortality had the greatest impact on scenic beauty preferences. This finding was in agreement with earlier work by Buhyoff and Leuschner (1978) and Buhyoff et al (1982) , who found strong relationships between the amount of visible insect-caused tree mortality and scenic quality of both vista and near-view landscapes. Hollenhorst et al (1993) confirmed this result by finding that the percentage of trees killed by gypsy moths was a significant predictor of near-view forest scenic beauty.
Virtually all of the preceding studies have utilized one of two methods of quantifying scenic beauty. These methods are the Scenic Beauty Estimation Method (SBE) developed by Daniel and Boster (1976) and the Law of Comparative Judgment (LCJ) introduced by Buhyoff and Leuschner (1978) , who built on the work of Thurstone (1927) . Both methods produce indices based on perceptions of the scenic beauty of a series of photographs representing a landscape, and both methods have been extensively tested and validated (Hull et al, 1984) . The SBE technique involves a scaling procedure where each respondent utilizes a scale (usually from 1 to 10) to subjectively rate the scenic beauty of a series of photographs. The LCJ method requires each respondent to compare all possible pairs of photographs and decide which photograph in each pair is more scenic. The two procedures are described and compared in detail by Hull et al (1984) .
In general, the SBE method is more efficient than the LCJ approach, in the sense that each individual evaluating n photographs under the SBE method need only make n ratings. Under the LCJ approach, the same n photographs require n (n À 1)a2 comparisons of photograph pairs. As under most conditions the efficient SBE method has been found to be just as accurate and reliable a predictor of scenic-beauty preferences as the more labor-intensive LCJ approach, the SBE method has become the preferred approach to scenic-beauty estimation (Daniel and Boster, 1976) .
However, there is one exception to this general preference for the SBE approach. When the photographs being compared are very similar to one another (thereby requiring the evaluators to make fine distinctions between photographs with similar scenic qualities), the use of all possible pairs of photographs in the LCJ approach offers distinct advantages over the SBE method (David, 1988; Hull and Buhyoff, 1981) . In many instances within this paper, evaluators were asked to compare the relative beauty of scenes that differed only by their distances from clearcuts. It was believed that under these conditions, the LCJ approach was more appropriate than the SBE method. Thus, the LCJ approach was used throughout this paper.
Methods

Study area
Clearcuts from two widely separate study areas were evaluated in this project. Five clearcuts were evaluated from the first study area; a southern yellow pine plantation located in the coastal plain of South Carolina (bottom portion of figure 1). The area was intensively managed for the commercial production of pulpwood (this involves growing relatively small trees suitable for the production of paper products). It consisted of homogeneous forest stands (that is, within each stand, there was very little variation in species composition, basal area, height, density, volume, or number of trees per acre). All stands had a very dense understory; that is, there were a great many tall grasses and shrubs growing underneath the trees. There was virtually no vertical relief in the area, with all slopes less than 2%. Two of the clearcuts from this area were surrounded by loblolly pine (Pinus taeda L.) stands, whereas the remaining three were surrounded by stands of hardwoods composed primarily of sweetgum (Liquidambar styraciflua L.), red maple (Acer rubrum L.), various oaks (Quercus spp.) and elms (Ulmus spp.), yellow-poplar (Liriodendron tulipifera L.), and hickories (Carya spp.). The second study site was located in the Colorado State Forest located in the Rocky Mountain Front Range (top portion of figure 1). Vegetation was predominantly lodgepole pine (Pinus contorta) with interspersed quaking aspen (Populus tremuloides) and spruce/fir (Picea engelmanii, Abies lasiocarpa) stands. Understory in these stands was much less dense than that found in South Carolina. The topography included steeper slopes, ranging from 17% to over 40%. A total of five clearcuts in Colorado were evaluated, with three surrounded by lodgepole pine stands, one by spruce/fir, and one by aspen stands.
Site inventory procedure
A photograph transect was established in the forest adjacent to each clearcut. Each transect was a straight line starting at the edge of the clearcut and moving into the surrounding forest along a line extending out radially from the approximate center of the cut (figure 2). The specific orientation of the transect was randomly chosen; however, this process was frequently constrained because transects with certain orientations were obviously obstructed by intervening terrain or caused the transect to pass into two or more stands with obviously differing visual characteristics (for example, a mature aspen stand and an immature spruce/fir stand). In these cases, transect orientation was randomly selected from the set of orientations that did not encounter obstacles or pass into multiple forest stands.
Starting at the edge of each clearcut, photographs of the cut were taken every 10 m along the transect until the clearcut was no longer visible. Once the cut was lost to view, an additional three photographs (covering 30 m) were taken to ensure that no sign of the clearcut was visible. A standard 35 mm camera with a 55 mm lens and ASA 400 print film were used. All photographs were taken at the highest depth of field possible while maintaining a shutter speed of 1/60. All pictures were taken between 8 AM and 5 PM to guarantee sufficient light and no overwhelming shadows. To eliminate possible biases, every effort was made to ensure that no additional clearcuts, buildings, people, wildlife, or vehicles were photographed. In addition, photography was limited to the summer season to prevent any bias due to seasonal changes (Buhyoff and Wellman, 1980) . In addition to the photograph transects, field procedures also included taking tree measurements at a randomly selected point along each transect line. These measurements were taken using common forest inventory techniques. A 0.10 acre plot was established and the number of trees, average height of codominant trees (that is, the trees that make up the canopy of the forest), and the diameter at breast height (DBH, a standard measure of tree girth) of all trees with DBH greater than 3 inches was recorded. Understory and ground cover were noted but were not quantifiably measured.
Aesthetic preference measurement
The LCJ technique was used to rate the scenic beauty of the photographs. LCJ requires a series of evaluators to select the more aesthetically pleasing photograph in each of a series of photograph pairs. This preference information is used to develop an interval-level scale of the relative attractiveness of each photograph. Six 466 inch color photograph prints were used to represent each transect. Each set of six photographs started with the photograph taken at the edge of the cut and concluded with a photograph taken from a point at which the cut was no longer visible. The remaining four photographs were randomly selected from all usable photographs from each transect (a few photographs were eliminated from consideration because of poor focus, blurring, and so on). These photographs depicted the progression along the transect from the edge of the clearcut to the point where the cut was no longer visible. Distances between photographs ranged from 10 m to 50 m, and the maximum distance from the edge of the clearcut to the farthest photograph ranged from 90 m to 180 m. Examples of photographs from representative transects from both the South Carolina and Colorado study sites are shown in figure 3 .
The photographs from each transect were arranged into ten separate photograph albums containing the six prints arranged in all possible pairs (fifteen pairs per transect). The photographs were ordered in an optimum balancing routine (Ross, 1934) in which each photograph appeared an equal number of times on the top and on the bottom of the page as well as being proportionally distributed from the beginning to the end of the album.
Subjects for evaluating the photographs were Colorado State University students and faculty and other Colorado professionals ( n 110) varying in age, profession, interest, and ethnic background. Prior to rating the photographs, a standard set of instructions was read to the subjects; no additional information beyond these instructions was provided. Each subject was presented with a photograph album and asked to indicate which photograph they preferred in each pair. They were allowed 5^8 s to select their preferred photograph from each pair. To minimize the possibility of fatigue, each subject only evaluated six (three from each study area) rather than all ten albums. Thus, each individual rated a total of ninety pairs of photographs (fifteen photograph pairs per transect 6 six transects).
Statistical analysis
Data from the evaluations of each photograph transect were analyzed separately. The results of each transect were analyzed using the methodology presented by Guilford (1954, pages 154^177) . Only data from evaluators who were consistent in their preferences were used in the final analysis. Consistency was determined by examining each evaluator's preferences. For example, if an evaluator preferred photograph A over photograph B and photograph B over photograph C, this evaluator cannot prefer photograph C over photograph A. Kendall (1962) termed inconsistencies such as these between three photographs`circular triads'; when the number of photographs is larger than three, an inconsistency is referred to as a circular n-ad. Inconsistencies may be a result of guessing or may be caused by the fact that the photographs being compared are indistinguishable. In this paper, the photographs varied only in distances from the clearcuts, and in some cases the photographs were almost identical. Although each transect was initially evaluated by sixty individuals, the number of consistent evaluations per transect ranged from twenty four to thirty nine.
Once the preference data from the consistent evaluators for a given transect were identified, they were used to develop an interval-level scale of the attractiveness of each photograph. This was accomplished by calculating the observed probability that each photograph A would be preferred over photograph B for all pairs of photographs. Guilford (1954) terms the diagonally symmetric matrix showing all of these observed probabilities a dominance priority matrix. Following Guilford's procedures, the probabilities in the dominance priority matrix were then normalized to produce Z scores for each probability, and these Z scores were then averaged to construct the estimated aesthetic ranking for each photograph.
The standard LCJ procedure just described produced what we termed`raw' aesthetic-quality rankings. These raw aesthetic-quality rankings were entirely consistent with one another within a single transect, but owing to their interval nature, were not comparable across transects. In order to make between-transect comparisons, we standardized the raw scores so that the minimum ranking of each transect was zero and the maximum ranking was one. Given the interval scale of aestheticquality rankings, this standardization was accomplished without losing any of the information contained in the original LCJ results. We termed these standardized rankings.
Thirteen separate datasets were constructed from the standardized rankings and were analyzed via regression analyses. The first ten datasets were specific to individual transects; each of these datasets were based on only six observations (representing the six photographs evaluated in each transect). Each of these datasets consisted of a single dependent variable (the standardized rankings of the photographs) and a single independent variable (the distance from the point where the photograph was taken to the edge of the clearcut). Two additional datasets were constructed by (1) aggregating all the data from the South Carolina transects, and (2) aggregating all the data from the Colorado transects. Each of these state-specific datasets were based on thirty observations (six observations/transect 6 five transects per state). In addition to the dependent and independent variables found in the ten transect-specific datasets, the two stateŝ tate specific datasets contained the forest-inventory measurements (tree density, DBH, average height of dominant and codominant trees, and a series of binary indicator variables used to identify species) measured along each transect as additional independent variables. Finally, an overall dataset was constructed by aggregating data from all ten transects across both states; this dataset contained sixty observations. This overall dataset contained the same dependent and independent variables as found in the state-specific datasets.
Five intrinsically linear regression forms (true linear, squared, quadratic, exponential, and logarithmic) were used to analyze each of the thirteen analyses just described. These forms were chosen because Buhyoff and Wellman (1980) and Hull and Buhyoff (1983) used them in previous studies that related perceived scenic beauty to forest characteristics and viewing distance. In addition, a nonlinear regression equation was developed for each of the thirteen datasets described previously. Thus, a total of seventyeight regression results were produced (thirteen datasets 6 six regression forms per dataset).
GIS-based spatial modeling
The results of the regression analyses just described were used to develop a model designed to estimate the aesthetic impacts of clearcuts on surrounding areas. The model was an extension of a modified GIS-based viewshed analysis technique proposed by Dean (1997) . Standard viewshed analysis is binary; either the line of sight connecting a viewpoint to a raster cell is completely unobstructed (meaning the raster cell is entirely visible from the viewpoint) or completely obstructed (meaning that the raster cell is entirely invisible from the viewpoint) (Burrough, 1986; Laurini and Thompson, 1992; Tomlin, 1990) . However, numerous authors have proposed nonbinary alternative viewshed estimation systems. A partial list of these alternative techniques includes probabilistic approaches (which create a raster surface where each cell contains the probability that it is visible from the viewpoint) (Fisher, 1992; 1994 ; Nackaertes et al, 1999), partial-cell approaches (which predict what proportion of each raster cell is visible) (Sorenson and Lanter, 1993) , and a system designed to account for the vision-obscuring effects of vegetation proposed by Dean (1997) .
The modified viewshed-delineation system proposed by Dean (1997) classifies raster cells into three categories: (1) completely visible (the line of sight from the viewpoint to the raster cells suffers from no obstructions, either topographic or vegetative), (2) completely invisible (the line of sight is entirely obstructed by one or more opaque topographic features), or (3) partially visible, meaning that the line of sight is not obstructed by opaque terrain but does pass through some distance of vegetation. For raster cells falling into the third category, the modified viewshed technique also computes the total length of the line of sight passing through vegetation.
Using the modified viewshed system just described, the results of the regression analysis could be used to estimate the aesthetic impacts of clearcuts. In concept, this model iteratively places a viewpoint on each cell in the DEM. If the line of sight from this viewpoint to the clearcut is completely obstructed [that is, falls into case (2)], the clearcut has no aesthetic impact on the viewpoint cell so the viewpoint is assigned an aesthetic-impact rating of zero. If the line of sight is completely unobstructed [that is, falls into case (1)], the viewpoint cell is assigned a maximum aesthetic-impact rating of one. Finally, if the line of sight is partially obstructed [case (3)], the system computes the distance that the line of sight travels through the intervening forest vegetation prior to reaching the clearcut. This distance estimate is then used in the regression equation discussed previously (along with the forest inventory measures of the forest through which the line of sight is passing) to produce an estimated aesthetic impact rating for the cell.
Results, validation, and discussion
Relationship between aesthetic quality and viewing distance through forest
The ten transect-specific datasets were analyzed using the six regression models shown here (Y standardized scenic beauty ranking, X distance to clearcut, b 0 , b 1 , and b 2 are regression parameters, and A is the asymptote for the nonlinear regression):
All regression parameters for the five intrinsically linear models were estimated using standard parametric least-squared techniques, whereas the nonlinear regression parameters were estimated using the secant method (SAS, 1990) . These analyses revealed that the logarithmic model proved to be significant at the 0.05 level and produced R 2 values greater than 0.7 for nine of the ten transects. The nonlinear, quadratic, square, and linear models were each significant at the 0.05 level for three transects, and the exponential model was significant for one transect (table 1) .
Similar analyses (using the same six regression forms) were also performed on the two datasets aggregated to the state level, but these analyses included the forest inventory measures as additional independent variables. A stepwise process was used to identify the set of independent variables that (1) were each significant predictors of the aesthetic ratings of the photographs and (2) collectively produced the highest overall predictive power of all possible sets of independent variables. This process started with all independent variables in the model and then iteratively removed or added variables to the model until no further removals or additions that improved the model were available. The standardized rankings used as the dependent variables in these analyses were adjusted so that the single photograph within each dataset with the highest raw ranking was given a value of one (rather than the highest-ranked photograph from each individual transect being given a ranking of one) and the single photograph with the lowest raw ranking was given a value of zero.
Results from both states were very similar. For both states, five of the six regression models were significant at the 0.05 level; only the exponential model was insignificant. The nonlinear model provided the highest pseudo R 2 of the five significant models, followed by the logarithmic model (table 1) . A somewhat unexpected finding resulted from the stepwise independent-variable selection procedure. For each of the six regression models investigated from both states (a total of twelve models), the only independent variable that was retained in each of the final models was distance from the photograph to the edge of the clearcut; none of the forest-inventory measures were significant.
In retrospect, the reason why forest inventory measures were insignificant predictors of aesthetic preference was obvious. The South Carolina study site featured very flat terrain. Given the flat terrain, lines of sight generally passed under the forest canopy and thus were effected much more significantly by the understory vegetation than they were by the overstory forest trees. As the forest inventory measures evaluated in this paper pertained only to the overstory, it would have been surprising if these measures were related to aesthetic preference.
In the Colorado study site, a subjective examination of the photographs shows that understory still played the more obvious role but, given the rolling terrain, it is certainly plausible that at least some lines of sight could have been impacted by the overstory. The fact that none of the regression analyses described in table 1 found any of the overstory inventory measures to be significant predictors of aesthetic impact implies that if such overstory effects took place, they were not significant enough to be retained in the regression models.
Some of the stands in the Colorado study areas were composed of very densely packed small trees (that is,`doghair' stands), and it seems likely that the density of tree boles in these stands could impact even lines of sight passing under the forest canopy. However, no single inventory measure could identify these doghair standsöidentifying these stands required evaluation of the combined values of all three inventory measures. Thus, the Colorado dataset was analyzed again using a stepwise regression procedure that considered as potential independent variables not only distance and the overstory inventory measures evaluated previously, but also all four possible interactions of the continuous inventory measures (trees per acre 6 height, trees per acre 6 mean DBH, height 6 mean DBH, and trees per acre 6 height 6 mean DBH). Once again, all six forms of the regression model were evaluated. In each of these six analyses the three-way interaction of trees per acre 6 height 6 mean DBH was found to be a significant predictor of aesthetic preference, but the addition of this interaction variable did not noticeably improve the R 2 values of the resulting regression models. The linear model showed the greatest improvement, with its R 2 value increasing from 0.3114 without the interaction variable to 0.3202 with the interaction variableö an increase of only 0.0088. Given the very small magnitude of this improvement, it was decided to remove the forest inventory measures from all of the remaining analyses.
The same six regression models were applied to the overall dataset created by combining data from all ten transects. Once again, the standardized rankings in this final dataset were adjusted so that the single photograph with the highest raw ranking was given a value of 1 and the photograph with the lowest raw ranking was given a value of 0. The results from this final dataset were very similar to those obtained with the previous two datasets: five of the six models produced significant results at the 0.05 level, with the nonlinear and logarithmic models producing the highest R 2 values. Only the exponential model produced insignificant results.
Regression model validation
The results shown in table 1 indicate that the logarithmic and nonlinear regressions generally outperformed (in terms of R 2 and p-values) the other regression models. In addition, table 1 indicates that models aggregated at the state level tended to outperform models aggregated across both states; this may be because of the obvious dissimilarities in the screening capabilities of the forests in the two states. These findings implied that in the second phase of this study, the predictive model designed to estimate the aesthetic impacts of clearcuts should be based on data aggregated at the state level and logistic and nonlinear regression forms should be considered. However, prior to developing such a predictive model, the predictive power of these two regression models was evaluated using a pair of bootstrapping processes.
Each bootstrapping process involved removing the data from one transect from a state level database. This produced a reduced dataset containing information from four transects. Logarithmic and nonlinear regression analyses were then used to produce regression results from this reduced dataset. These reduced regression results were then used to derive estimated aesthetic rankings for photographs taken at each of the six distances from clearcuts contained in the removed transect. These estimated aesthetic rankings were then compared with the observed standardized rankings contained in the removed transect, and differences between actual and predicted rankings were noted. This process was then repeated by removing a different transect from the original database, until each transect had been removed once. a NCR number of consistent ratings. This is the number of individuals who consistently rated the photographs in each transect. This should not be confused with the sample size (n).
The results of the bootstrapping analysis are shown in table 2. The logarithmic regression model resulted in an average mean difference (observed value minus predicted value) of 0.0674 for the Colorado study site (differences range from À0.4476 to 0.4170) and an average mean difference of 0.0898 for the South Carolina study site (range À0.4621 to 0.3040). The nonlinear regression model resulted in an average mean difference of À0.0008 for the Colorado site (range À0.3657 to 0.4125) and À0.0038 for the South Carolina site (range À0.3192 to 0.2729). It is interesting to note that six of these eight extreme values were recorded at zero distance from the clearcut; if these zero-distance estimates are ignored, the overall performance of both models improved significantly.
When evaluating these deviations it is helpful to recall that all rankings were standardized to range from zero to one, so an average difference of 0.09 indicates that average differences covered 9% of the possible range of standardized rankings. Clearly, both the logarithmic and nonlinear models produced estimates that on average were fairly close to observed values, but again on average the nonlinear model outperformed the logarithmic model.
Aesthetic impact model
Given that they outperformed all of the other regression models, both the logarithmic and nonlinear regression equations were used in building a GIS-based aesthetic impact model. As the regression models failed to include anything other than distance as an independent variable, there was no need to include any forest inventory measures in the aesthetic-impact model.
The aesthetic-impact model was tested for logical consistency by applying it to several artificial datasets based on simple elevation surfaces. The overall results produced by the model seem intuitively reasonable, and cell-by-cell examination of these results showed the expected patterns: raster cells immediately adjacent to the clearcuts showed the greatest level of impact, and the magnitude of impacts decreased as viewing distance increased. Raster cells where the clearcut was completely hidden by intervening terrain showed no aesthetic impact. Predicted aesthetic impacts produced using the logarithmic equation were similar to those produced using the nonlinear equation. When the raster maps produced by the two equations were subtracted, it was found that in general, the nonlinear model produced slightly higher aesthetic-impact estimates than the logarithmic model at very small distances from the clearcut, but tended to produce lower-impact estimates at larger distances.
Once the model had been tested on these artificial study areas, it was applied to real-world situations involving clearcuts from both the Colorado and South Carolina study sites but not used in the model-building process. A set of typical results from these analyses can be seen in figure 4.
It is interesting to view the results shown in figure 4 as if they were comparisons of proposed clearcuts. If you were using the standard viewshed approach to evaluate the cuts, you would conclude that cut A was the least objectionable (because it has the smallest viewshed), followed by cut C, with cut B being the most objectionable (that is, it has the largest viewshed). However, the aesthetic-impact model indicates that the large viewshed of clearcut B is mostly lightly impacted aesthetically, whereas the smaller viewshed of cut C is almost-entirely heavily impacted. This fact is reflected in the sum of impacts values shown in the figure. These values are simply the sum across all raster cells of the predicted aesthetic-impact values. Recall that a cell that is highly impacted has a large predicted aesthetic value whereas a cell that is not impacted at all has an aesthetic-impact value of zero. Thus, higher sums of impacts values reflect clearcuts that have greater overall impacts. Using this model, you would still conclude that A is the least objectionable clearcut, but then you would find cut B to be the next best alternative, with cut C being the least desirable. 
Conclusions
In this paper we have demonstrated that it is possible to combine the models that have been developed to quantify aesthetic preferences with the spatial modeling capabilities of GIS. The resulting hybrid has unique advantages that are not present in either conventional aesthetic preference models or off-the-shelf GIS software. It seems likely that a fully functional version of the hybrid model developed here could be of considerable worth to forest managers. Furthermore, it seems plausible that approaches similar to those used here could be adopted to other aesthetic impact situations öfor example, the impacts of the wind turbines investigated by Bishop (2002) . In fact, there is no conceptual reason why the model developed here could not be extended to situations involving urban or other man-made environments. The only assumption made here is that an aesthetically unappealing site is located within a more appealing surrounding environment, and that the effectiveness of the surrounding environment at screening the unappealing site increases as one moves further away from the site. As long as this assumption is met, a model of the same basic type as that presented here could be used to estimate the impact of any aesthetically unappealing site. At least two issues remain to be resolved before a fully functional aesthetic-impact model could be constructed. First, we looked only at near-view impacts; this would obviously have to be married with a model that estimates impacts over longer viewing distances to produce estimates of total aesthetic impacts. Fortunately, there is no reason to believe that the techniques used in this study could not be extended to longer viewing distances. A cutoff distance (probably equal to the maximum length of transects like those used in this study) could be established, and a model identical to the one developed here could be used to estimate aesthetic impacts within this distance. Beyond this cutoff, photographs of clearcuts could be taken from longer distances and used in the SBE or LCJ approach to measure aesthetic preferences over vista-scale landscapes. Regression analyses could then be used to quantify the relationship between aesthetic quality and these longer viewing distances, and these regression results could be incorporated into GIS-based models to estimate aesthetic impacts over vista-scale landscapes.
An obvious area where we failed in this paper was in relating changes in aesthetic preferences over distance to forest inventory measures. It is certainly possible that other overstory inventory measures not investigated in this paper might produce better results. However, based on subjective reviews of the photographs used in this paper, relating aesthetics to understory vegetation measures seems much more promising than any measure of overstory characteristics.
Finally, it remains to be seen if the more efficient SBE method could be used in this sort of study rather than the LCJ approach adopted here. It is undeniably true that the SBE method is more efficient than the LCJ system and, in many other areas, the SBE method has been found to be just as precise and accurate as the LCJ approach. If this is found to be true for the transect sampling used in this study, the SBE method would be a very attractive alternative to the more labor-intensive LCJ system. Despite these limitations, the model developed in this paper fulfilled its purpose of demonstrating the feasibility of producing spatial aesthetic-impact models. The results presented here provide a starting point for further research in the development of linked LCJ, SBE, and GIS models designed to quantify and analyze the commutative aesthetic effects.
